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Abstract 

lids paper d^^ 
a new approach for improving- ibe energy emcieoey mid 
^mdmiihy. m solar energy m buHdmgs> n^ery J %hda solar 
lighiiE^g .a^d fell^pecirum solar energy sysicrns. By i&mg 
dlSb&it ponk>as of the sol&r spe^ram simuHaneoq% for 
multiple wd-u^ ^c^te is buildings, th^pmposed .system 
offers; umque ady^tagss-- over -ather : ^}tenMttyes : tor using 
mmiijmm displace decixjcity (coBv^nttonHltapsMe day ligkdsg 
sod Stfl&r fechjiofogi^:}, Our prelimmaiy -work itidiqtfss. &s£t 
hybrid solar Ikluisgvs method of oolieetmg. ao.d distributing- 
direct surdigiU: for lighting purposes, will alleviate ma>w of the 
prota$-wafe p^Sv« d^Ilghfeg /systems, of toda^.^efc as 
apatklaMt^ 

:-sad .energy einefency, BixmiMy, our work mggmts tfef dse 
m<st sppmpf-tefe : rtse of -the visible portion of .dsra& nondrop 
.^Ilgfit Som asi ra^gy^vi»g& perspective h to displace 
ebctrk light ^fe^ thas generate d^tricify. 

EarW es&na&s deiaded m this paper saggss* ax* aat&^ted 
■system cost -of well under. $2;0/Wp aad 5-1 1 0/kWn far 
0$plmzdmd geaanaed efemdrv m sfegl^story 
hmidmg ap^caBota Based on a member of factors -disc ussed 
m paper, including slight aVai&MMtv* buiirfi&g use 
-si&^ft^t^ c:ost> arid efnaaey of 

&ed^ : ^ 

& mw : m l ^ m coui4 evenfaafiy be *a*xkr Symrs, 



Tfemigiioot the 1 900s, the use of fee s^fts*-jigbi$aa$& 
for ahsminatmg-fe&jlMi^-iiiter^ lias evolved coasitebty : ■ 
we entered ihe eeniwy, the sun -was our primary source, of 
imenor light during die day. Bv^mMfy, however &e cost aiuj 
performance of decide lamps improved, ssd tfae pi was 
displaced m m primary method of lighting btnicgng : -&*terioBs< 
Oimag the oil embargo of: the 1970s, a renewed Merest in 
flighting e^oerged, .yet- tlmt interest was m\ weighed by the 
eorivemenee aod cost' of rfeciric light souttes that eouid be 
placed vmiiaHy anywhere in .& buddfog. Father, ike 
disadvantages &f commwrnA dayliptmg sysie^ (glare, 
variability, difficulty of control required archiiec&ra'J 
oiodifiea^ 

In reeexii years, however, a few ieclmoiogies have madte 
dav&ght harvs^iBg a reality for some : app%itbns,. For 
example, duraning balh* ^ are k widespread use k e^ionet bo 
with perimeter fenastmHon systems to tedxiee &m^M^p 
energy eoosiioipoorL Today, tdpskte daylight ^prMche^ 
are designed to ysduoe glare and ^dabiiity, mffissiizs i&e :oeed 
for eoptroi, $nd ejirnmais excessive Ulu^b:ao£es, IMomg so, 
fewever/ths^ 

iighr avallabfc by sMfeg, mmrnmm, m&\m:diffoim%;di&et 
pMiglit Because more ih&n 80% of she light/ a^adable m a 
xxw? d^;y is m the fomi of dsreci-s^Ught > l -tfes energy end-use 
efficiency of smie-of-the-ar? dayiighting .systes.is ili^rsfore 
low, and the associated simple, payb^ek is .sesM^iy kigh hi 
mmpsnsm to other energy^ffidojicy^tiveas^^s . Thk imsi -fe ifeo, 
market pen^raSon of such xysteris. asd £h«ir utility to save 
sigpitleant .ftaaou^s of >wr?tie^bfe energy. 
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For dscMes, ;rmmhm M^. also been developing; 
apsir^lses for tamsssmg the renewable energy of *m 
i^agh ^k^Mty g^^tioii. To dm $6nt& #«k«w 
been used to extract energy &om sunlsgte and convert- it into 

kftotvn- ;a.s -cells) asid safer thermal tlmvk 
ummm, time technofog*e$:&rc mtimg more widespread 
m<] i&cmmj&m i^rse &st : ii*e simplicity, versatility ..and low 
envrronniemai impact will ulumately help these feetak#ss 
becojsie k)pi>it^it .spuice of economical power in & » 

IMfert^tefy, widespread use of solar •t^h:ioio^«s..b sdii : 
fei&e&by ^ pcrfonnanes, and energy densiiv 

wtieri compared to exist&g non:reite^abie' energy sources. One 
■ar ihe primary kefeieal barriers is thai in many portions of the 
solar spectrum, even most .<^^^{iy^:^A^x-m]i% (those 
"using; aUk:aa) and safer thermal systems- are s&mewMt 
iirefacierir whm mm&iiittg. light \mo .cT&ftfeity. !%nre I 
Hk^tmie* this problem in .*he ease of siliconized ti^&& In 
ike high~feqi;S£ey portion of me ultraviolet and visible 
speeixttm, the respprisivky of ^Mmn-bm0 mmtmte^ F&lumty 
low. 

To overcome these telm, itiw approach h&s bsm to 
d^mp aUiity^caie PV and mkt iiwxmtil mncmmtors. By 
ftsteg soncen&asoT$ s the edf area eonseque n% , cell ooste^i 
be reduced, fey apj-roxmmieiy the .» ammmtn* tk<s ctesired 
corporation ratio (10:1 to !()O0:i). Unibrtunately, tbis 
Qos^vkp is typically cr&et by the added cost and complexity - 
of &s required lacking system used to collect direct nondifa^e 
Cirniigbi. For those reasons, the market peiietmtiofi of solar 
oSectdctocJinolpgies m& thek rateqpenjt nse io save zimi&cmi 
unoxms m.. mmmpwM^mtiy -m severely limited. 

The ismimoiis:. dfieacy of direct soiilight us -90 to 100 
urn W depending ors. the suafs mmiatim vdmi^toiMm^h. 
Interestingly, the luminous cMeaey . of filtered visible s^ml^t : 
(180 -380 IntfW) &r exceeds existing ekc^c^ps (IS -90 
WW). ThomiR lies -the ptima-ty beneSt and :nK>dvai^:n m 
mm altered, direct, nondifS^o, yl$&Ie flight: fer interim 
Ughttag prpsses. Its kminous efocaey is typically sisafc than 
double ils oieoino coropetiliorL As such, though the energy 
density of solar energy is lower than no^reaewabfes, the 
?f lummox energy density " of intered sunlight h move ihm. twice 
hotter than its oisly other competition for interior hghting of 
building^n^ 

■ass eieetrfc teclmology}. Our "work md&3tes. : ihsz pmmm 
&i$inbtt$z&n- md . ms'-otths visible portion of so lar energy & the 
preferred m solar energy whoa nonrenewable energy 
ilkplacernsnt (see Fig^e : ' 2), ; eo^efieeth^rsess* arid, lighting, 
quality -sax? the prin^ry depkaanent driers. 




Figure L .Approximate spectral rkdimce E, i>f the ssssj 
at mean earth -sun separaiks :.$a$0h%m speziml 
response 




Figure 2, Comparative analyst of uses of snnifght 
lor mterior Mgh ti^ g applications. 
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VwrmssL Bmcmpmn w mm® Urnm® Systems 

HybridligMng systems consist of fivs msjor eiemSiits: 

mihmmvm mmn&mtmi* t^u^tmmmm system*, 

m hybrid imrns control $%<mtm, and (5) bybrki lumiptrifes, 
Flmste 3 illustrates a t^ 
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Figure 3. Major ekmsats of liyhHd 



Ksrisr&l llglifc sotsrees - Smdighi represents one of the 
m(h'& prismry sources ofaonrenewable energy md k a primary 
ligiit smsres for hybrid solar lighting system Direct sunlight 
contributes sjipreximatsly four-firths of the toM JitoajaM^eat 
th« earth's surface aud has-«u;'#prpfximate color lemperalure of 
60QO*K. The iikminance en a bonzomai m$m M m 
with ike sua as its zeaith in a clear sky is 

1 &e reix-Bimng ou^--nfth. of th^ total llhordnaoc^ at the 
t$®&% mxms is &m the -sky, jba% from s^ligfct scatted by 

son, hybrid solar !igk^g;^st^M ^e only; d^a* ii^odiifese 

L*i mmaire m& remote! j located -riep^fc lamps - Hybrid 
b#*tkg will QnpkoimM^^im mS0m 
^capable of supplying siifndent levels of illumination such as 
0o mm% mimmtmrn mmmu^ Bfeotrfe kmps --used m 
^^ i^m^^mm mmimhsv be located m (or near) a 
hybrid ionimaire or,, in same c&sss* may be Vacated si i-etrtote 

lamp used; m hybrid «st«cai will mar be of oae parfieakr type 
aod -y^ay differ irorn app^cauon^o^ppaca^on, depemiingos the 

Early application of hybrid lighting sy^ems will be in. 
toxmnerekl bidldings wmre 'ligbnM h &e Agfe krg^t useof 
drntrmrg md wiH like?? iocoqxo*^ Suom^eot 
kmp* Socai^d m iuoibiior^s/ As penbnv^itos ;md eosi 
iio^mves^eim are made io light distxibiJtfeji systems, some 
sppM^ 

retnAt^lv k>eatedeleemc \mm$- 



light e«IscM©» spMHS - Because hybrid lighting 
foeoraorates direct suahghUt ,|.j^lti^;tw-8^s f :tradi^ s :ii^a 
collection systems, Unfornmaiciy, He sun's pesidmt relative to 
ihs : :fea^:cto^'©5iisfeatlf; Later, we describe miategmeu 
hvbrkl imm system design mt uses a two-axis, tmekkig 
parabolic dish ooaoeirtrator. 

iwpattmi to note, however, tbsi dse spatial illoffiin&rioa 
vari&bilily inherent to oonyeatjotiai topside daylighdng 
throaiboui the day is elimhmtei! m irvbrld systems because fat. 

the same diiectit>». Temporal variability will be ssminbzed 
feaeause hybrid Kiminaira? will costimioasiy adjust electric: 
bghdng based mi the amount of Sttrdight available. 

Light disMbutioft systems ~ Once ceOoeted, seveml 
opHofis'esist &r tFansmitiing ^ iigln to the Interior of btnidisgs: 

* tege-core opdesi .fibers - wawpides : that tfsasmit light via 
tetas interns! rerteehsn and are typically fsbricsied mhxg. 
fiexibk materials such as solid po]yr-?ers ? gels, sod liquids; 

* tiher opbc bimdles - a series of smah gtes or plastic oprioai 
fibers bundled wgeshsr ta fentithe e^tivaleai of a iaTge-eore 
ooiieai fiber; and 

* hollOwworeTefecttvebghtpipes -hoifcw iightpipes that are 
typically cyiindfieal in shape siiit coated with a 
h;ghly-i-eflecbve material to immmit fight sis multiple 

Because pf their flexsfesiky, cost, ease of msUdlatien : and. 
perforssatree, early liybrki lighting system designs mcorpurate 
krse-core optical fibers, 

Hyfirid mtm$ euutrtd systems - liybrid fighdog 
systoros will, sspiay lighting centrol systems for several 
ressous. First, to i-edues the use of electric light and save 
euergy, dayligbt harvestmg coarrol sysigrss similar te those 

be cec;uired. Second, m some appheadoiis, the seed for hybrid 
lighting color control systems that alter the cfibctiye color 
scmpcTature and color rendgrhig inde?< ofssapl light emerging 
from hybrid luminaries may be; required. Third, tlie need for 
task dimmihs aud on/off eojiErois ihr both ustnrsl and oicfitric 
^outees will he tequlred for some hderior llghilog aiplcatois 

Bybrid lumfimiyss ~ Hybrid ughtmg sysieiHs msorpoxaie 
H0.it originating from two or more sources, st least oue being 
oatiuel -mi aaotber being electric.. As such, hybrid iummsmes 
capable of distributing: and bieMmg light if am both sources 
must be dffveluped. They must ■ naBsmixe iigbt doss' factors md 
erasure a relatively constant aoauaflempora! dis-fifiutiou, color, 
aadeoeffieiem of utiStotiou (CUl oo oiatter which light sources 
are innse. 
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pR&y minm? :Bmm m mnmm Collector 

tte§e dsslp ^fesSrii|li&^te# mhght e ohs s*km 
%mmm$ wws Mmiim£< The fma dasdgti appmaeh ineoroosatas 
a i wo s*xla solar o^meensrasor sehenia dmi&aa Presaef 

kok$ do fhcm samighrdkactly axao a mm$ m<ypik^ nbm^m 
Mmimmd m ¥kzm$ 4 Tms design wm originally developed -tor 
eoseeoO'adag PV afmetns and is n rmxiest rm'kmi m6 
mmmzmmm mmiktiim^ ^p^dvi>dg5^% ;k?ro^ed 
by Hi^^m eorp, m Japs, m the early 




F%ori? 4 FmaeWens solleetar deslg^r^ppr^sefe, 



A veeond a^igrt approach. & ako in (he early mgg® of 
de^|o|>meM fey- Synertacir Sysss&s® €<irp, ; New York. It 
laeerp^es a propriety sunHs&t aMea&iraioj* ttoi divots 

^ M appre^ ifetra&d & Figure 5, w 

deveteed by OKNL b r99§. I? ugjfcg* a prirasry mixror sad 
jratfft&tf ®ptM\' dkmm :fS©B) So focus vkihk% mi&tgm, 
^krene^ ^ a^nes of aea&slly )mmd y Ur^m^p&cd 
mm, wSfeM ,mxi& tkm&mmng therdacted kmwm (IE) 
sols? ra$^kt* mp a eoeca^mmg FV eeC]eea&d otribsMsk 
side M' Tha seaoadaxy opdealelemeea 




Jim d^lgska^ m margy 

\m m buiI(Hi)gs that solar eitargy fern a sysmm^^feel 
j^paesiv?, huegraies mmfipie irtedega^to isehsofogk^asd 
late advantage ef ihe emire safer e^-gy f^mm, & Improve 
the soitd «ta£»*m «Mckm# : by tegmlnglwp or more solar 

of the aolar *peotra k separated fern the reat IE spaehia asmg 
a >mmmilY-s4mm mUmmo?, . The two mmv ^mmm are 
«d. to difem p m imhM. h Wto md elaetxfchy 
pmmkm. This a^roeefe take* advantage of &@ taa fea she 
oonvmia^ eilktem:y of ailte4?ased sdlar sells ^m^^' 
m Mmm^^itm^hmmxm m& U-mm ism Fmim li 
Shnimfy,. the vhM#. porifea of the aolax ^ectr« (0,4 k*€7 
$m\) b hiimmitly more efldem b buMbxga -wliesi mod directly 

Bgures 6s and 6b Hl^mite ihe p?*fe^o deaip fox the 
hyfeidsolar co^eaor. 

Figure 8a bipliKfea nynmie a^mm to mdiyidmU 
coovpo?^nia ia the preleo^d d^ign ^ follows; 

— \k x-.&y.nx&gs i>x$m>> bO&. > < vsov^ai>a;ip:;:iavn^> v-Oxs^b.u- ^lai^t 
gveeib 

i coiicentno fiber mount as^mbly fee^ Ftgfm W)l 

4, t^rmmmdy &0L 1 8o:om iarge^o?e apfes! ,ftes (Kate:; 

The :sl2fe of the primary xhfcof wih <heta:te munbtt 

m4'mz& of Ifea rsq^^d); 
Si a^igled, iiOilow mourn to re-duee maga of motion needed for 

dts iude: traeki:ag (± *4S ? -reqwiml traokfeg mot b o) ■ m& 
6. a ooaventiooat roiaooa&S mtokisg tneohaniasa. 
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Figure Oo^p vkw &f&ry*4wi» 
spited fsbsr m<Sa> 



Compel & $A?de4mz { . m lim h$M&mfo?mi\m?x 
(Imp* ^^6mh pmvhkid severs! MvmUgc$:. 

2 .. impixwsd lR,h$sf removal maiiage^^e^t ; 
3 . ^nismv^a ^liv^ il^pl^em^t aod:ankuSsi*os (tested 
pfttftai kltott a radial satis); 

4. a ionprqn^l path for tosarag light &gi esahfe a. low 
e^rascs ^k"df^»fclg& :kr*> kme-^a-a <>pfei! fite; 

5. low^ys^ 
delivery system; 

6. IE ?Mfe&on> /gilswmg i&r co^s&jtea? 

■and . 

■g , JlexibBity- dismg -space rsco&%ur^6sa 

To fe.expc^ opfk&? eofefka effiek:j5:cy o:f. 

the Wbty ^i^ht ccd^cm^t i^yvem $m *sfed onHraUl^sm 

Bps:m 3 . 

p^mda as aady satiate of ihe diffiadty rfs«prtegths 
sought sfesit;ci$n fecolbcied with a flw dte$te? ftpftttuge 
mt<> the fd&m. the Mmdm ssf thfe- mti mi she. tlbfecs were 
c&teufessd. Its mmAm m a pur$f gzam^mi quan% and k 
a m&»rs of tte : O^vg^hermg iksifes at a system The 
g&KfcBse of the mia-z L6 tm^spmiim k 105 rferO. For 
s& l&mm Smmr with an minima? a^&tf* of0.4 ? the 
e-esuhxa k B§ mufti IhmmkMf.b^mm the mm\dmm^ 
(a^de) frbsr is greater alliielsghl cm.U zmpMio &$m$& 
Ste: M- suck fm m tighter a>«, m fmUm 

& mM^mz % high ^oimg sMdeaey, 

Sm^md^d Li as \niiM optf dittos^ c^cepr 
^^d;^%.C0nx§B«^lai optical d^ipl-oOl^ 7k? j&$r$ ars 
&ru&&*i Ihdwn Hi figure "± U xvm u. pmthvlte primary 
mirror with, a r^w.^f q^tsv^ ot 3675 The prissy 
1450 trim I roiri.'ifee secondary. Fi:gore 
S : sbjCf^- a cm^m^mml mw ®Z the concept. 



tls« m<! mv^iS^tsos.kws sapling fem the Sber, The 

k^.:w to the blocking by SOE. Opdmiz^io^ 
will ykdy itdoee the nmm ^ k%% ttm 

3j% teMurz deigns. 




FEgtsre Ht«-|^m«n ikmefer !il*m »re 
M%iriMtM & 54-mm dmmm ?irek\ 




Fsg^r^ 8, CrM^fec^mal vis w of 



PRdJECTHD System perfoSm^ce 

B»d ox- the abav« design sc^ano ^od as ;ss^ocSat<?d 
a^aly $fe of 'pftrtbnnSssse values &r ^h co^spomit a .-sysfexsss- 
■te v si ^db?:B^s5.<:^ walfiag^R was comply 'Th® tmtimfiMs 
w^mmn that isghi kfes !te prop^^d lighm^ 

asd ao addiii^il '! S;*m% &rmcmd-m>^ mplkistkm. Tim* 
hm mckm t<?ke kite t\mmM : km^ mibmsd m the primary 
mirror, SOE lamc^core optical i\bm, kmmdm^ mk\ 
p^iimmary ibr «m »f &ad iigi^g m tm 



Qmynm %:; mm; W ASME. 



EeMiw SO tk-.d«ric;U energy : .diS|>lac<?mmt atlefenoy of 
tte F%u?s 9 s£m^an£a». the pR>jss&:d $%dbaxmt& 

dm p*mk -xm pmod* per \miW of.hOTmg stf* ®m. 
Note " : ih&i "tbs dectdeM sistergy Sj^a^^ni.ftSscksncjrls tt<m 
fc> mm, tr^d:^ 

m f$qg&\ m^rni irHk^Mmxy. At fm ^m^, this mmx mm 
m*mwm&\&. However, mcksded hi iim peid&mmsies summary 
arc &s Mfewipg cousfeferahoa*; 

Tb^%fefe fftftferf* ifee *:slbk* pratto* i-MQ W)mm$ 

Tfe dlksey of ft* &pko*d «$£t»c light (S 

Im/W)'kd^d^ : &s k*u>asxous :$$8mzy of the hmpmd Mmmng. 
MUm HH> Ml the !^nss?s^&^y 0$&%$®A 

• the .^llMmadon Qtqfc&&&m gs^ra&d by !igk& 
ta unbelt rftgkta** which ^^sufequm^ MVAC'te& by- 

zo%\ vmum for each comp^t a ':^y^n:i^!^vel cost a&d 
pfcrfhnaaaa* &a%sis complied. ThecuhT^tox^'! system 
etfs* fer a siagSe-Sttry appbcados 3mtftttrt«d a> be ---S^Mm 

spprt^iit^^ly ^2 l^i^te, ftftftfog to 

-$>/fr peak psrfo&usnes of much, tes ikm S2/Wp, 

Wte esbsid&riag M -cm mid j^twrnmoz. b£ smcm 

fe&ldmg ^ m?m£Q$ y md fee pnes ai mpl^M tks&miti 
Bgm> 10 flhftfral&.&e ovula^ mto^-p&jsdft^ 
:hickfeii5 o& d two^xi telemg soifeosor m djfe^i 

Tafcte- I. provider m mtianft test of hybrid ftgfrlmg -in 

Sif^r^i^ ^daas..o^h»Ukitsd Suites w a 
(^dudi^g pzm4® mmmmcg) vmm mrmim building 
md« .^agrfes (365, m, m& 250 $m per sw) m$ 

mhimmy% It. m zmmm mx miZyMm ml^ fim k 

d^ts^Ugh^v&ikhk :.wsas a^dtodbpi^ ekeme l^ht The 
r^i^^kr 'of m will liksiy mi m umi bmmm *f 

ticmpmcy vmtmU ixiWMmgs md mmfBmmt. soi&r m&&bl% 
of mmtbi nmi ztectm itimtimm. 11m - .averse ^si of 
skcray during the d^y ? feiag pmk mmmd periods, is 
•p?p^cl^!'by the Am^-k:«:). Sokr Energy Socfcsy f ; o. "be hato» 
i:S#?l.Wfe hy mm \^:a-m^^Mrmr^ipi^ ihmgm 



Sb:^ikr cod ^ductK^ ^TO db^^ved m Dife k>to 
^hr^gi^ d^mg eMy jws. of: 4^d^pmM 
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t&hk h Smmmry tf : OHft.per feil^watt hour nnd 
pyb^ek for hyWd lightfe^ 



€o»A^§ONts wo>i Alternatives 

f^r hybrid llghfeg to gm mtimprmd mt^pmm, it mm* 
iU%pim& & mpMmyi mmxmi of k<^p^?s:vs ■fefeeirfcally 
'g$®$&i&A IsgHt Contmu^d adVa^c^menia m lamp e;ffi ; c.asy 
(>-] 5%0v^rtWpast d^s^tind lighting eosdro.fe will t:autk 5 ae 

are .Hyhnd iighdng 5^, however, ^mpiemeut^ry to 

aiv$me«d eiecinc llg^ing syskims, ^p^Mly' fei>se Usmg 
sbcU:05:ht b^lks^ mA ocasgmzy &$m>s%. efcctdc 
•iif&mgm\ By^BCorpo?a^ag^emyii# 
hyhski liglnii:ig^-ld:refeotm^c dimmi^MU^^- m<! ^upa^cy 
^M>ji y iho payb^ofe period, of ths b A^.4?m^rofe 5iiid. hybdii 
bg.h ti &g sy. ^teros suxt both; rMoced. 

B^«. hybrid lighting- systo reauim :foc u.^ ol 
^d?^tte^t dle^tiic llgh^ whsgn stmhghi w mi rttsfe 
ihdr ®m-i$ midihve. As mch ii % m My ^pm^im to 
^otupare ttoa dlr^cdy. However it w^re u> do a 
^ead-k^-ae^d" somparadYe ^a!ya&, tm^ddrdve cost of hybrid 
Hgiidngas « fembk 1 .(ia tzm of d^w;h ^d« woak? 
•b^ <to:u5|>sddv$ a?5.d p^sslbly'ev^ leaadb 
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A complete study: of all type* of i&pmik. i^f&0tmgk mx 

ImMhm hfe tijsiuA ihte iitemshim to 

%Ilgkt^ g^mlly aft%*& m. M mostoo^effecsive mnn oi 

Da; k&dm- m^'&te'.-m «alsr: skyhgh* 

^ fe hetteestsd p&rse, Pepsndfeg on ttte type snd. 
^onBg^i^ of ^%Hg|^.l^t s&ries &&mai&a!!y 

s^ific&ndy. Tfafe Is dm 'to several&d<>r^ 
& p^femn^fely det^m^ by the efltcfc^ of the light well 
3«sd glare mmol m$M&. T&e ^pfesl ir^miitoce of 
s^^^ d^4skv%Ns varfe* widely > 

dq.^ndfeg. <m. lighting- ; r^tibmeat^ bxst fe M^marda? 
spplkstfoss. k typically well o&fcr $0%, 

€omp&mtA : eiy -^p@akls&m'^i other f&tffl&tfigtt also foe 
comkfed First theCU 6f& afegfe Uxr n^ufer skylight will 
mfoexehtSy kt smii* te^ftaa s W%tm Hm dimibmm light 
f&m same sqasts meter jo fea or more kmdnadm. 
A»tf%g:th^ the room. ram? at&& mm ptmmsxm. 

m Umicm, the CI; <£ ih&'m&m iimimmd hyhras %fmm 
aho^M bs %mfk^tly hatter, if ■mm i~m* skyKghrwem 
placed fey -10 Brach smaller skyil^hfe, the iwo systems CX)$ 
^mmd -^mpm. ye?; she ix&t of the skylights would 

^!5&mv«|y tiae a> the need for mfehpk a<of 
paoatralk>os mutt^nse w. 

Srad, sky.i%^: ^ t^teiliy mi daafeed bmM m tlw. 
mmimm mmm of light that $m. he sapphea but rather 
dasfeoed fe mt^nmhitl which & pmdaecd by fte eiec&fc 
iptmg syateof when the i*ial ^ammanae is 3000 

feo^kuifeL fieeppge mhk, m light produced ; fey skybghM 
N^ml m vaka* ;:b §?mply w^mi As pmlhkiiiy 
sstsma^ : aoggaat m ^>&%fe; . m i&mim, 

^ipmmm% J(M df-the total visible Sight emsrgmg fern 
*kyhpts&^^ 

Fouilh, eojw^iia^il ^kyhghts are >m -^m memm^md 
mm m mm% mmimm, the siniple p^yfe^k 
pmpzMil hybsm :ilghti : ^g^yskim$, 

1-0 ^ateythe U^d St^ h^ mv^ted h!l&m of : Mlm m 



thm&l mbmUm<^. 1m z&mmms >>f thex« s>-«ms sr§ 
obvfeat^ FV moduli require .ab xs^v^.p^ to con vert: 
^.d-igiy m mm^imm dmtx\m y M tfeey ea^ be 
eo«vv^i<?m!y us^d for a:ty ^eotrk^O^pwe^d. eod as«, 
ea&fta3^e!y y ?:h^ st«q>pr|^:^k^^ 
of overall vtrivksivy... J : m mmnpH cmmm^M mliMtmz 

hmszn H) md 2m, Sofer thfemsal ^te-^i^ly h^ve & 
I^vsot et&fe^y of behve^ U md 25%. feeding ^ 
syi>$e^: desigs^ ^:eampie^$ty> Fanh^r, h>^e§ attiihated to 

cmvmimi if B%) tixalm reduce mrdl elloacy of 
ooaveotioxi^l Mar technologies . Beesae<c of 0t®&& as:kl oihzr 
mmm* cmvmmmi m% tec;hMk>gk^ have r s oi dkp?M:ed 
%u{M of es^^y m& m$xpmzd 

m b^ imd m theOmfed Si^s Ik ^sterna a^^s^sr^^ 
tojldfeg%;^k : po^ ami:h)teri):ied^is.;diayhme.loM 
rodoehoB/ The PV mofe eu^tly for fewec^ S3 - 

Ironk^lv, d^e $g 20% of ail ekotn^l co n^Ui^pd oo ta im 
Vm^ Smm (over 30% m mmm^m huMmmi k tor 
hghtmg; th.y>> a. sigiu&c^si porho^ of ss>os : gy geserateri txoo::: 
^a^hght via PVe ma sola? thermal teeha^l.ogfe$ i:vuh:a:eately 
?^ed for Ughoag putpmsi Because ele&tnc iaixi^ have a 
eoavemoo ^ilfcbifcy of 18 kr2S%y fee ovar^dl eMfcaciy of th$ 
^lg!to%ts.Hor light ^om%Mfe^feaov^mo^ pro^s- is 
lypk^fyte than m ."(se? Fsgure 21 

I'rtheuaesofsa^^rli&ehr^ redustic^m energy 

^iso fe build^gs, paa^^6x^ : ^r sh^vi^ s ^d laten^eakt<- d^ydra^ 
load ^duedaa, iv&, sisggm ihai hyfedd ligatisg ia a most 
offeoov^ way of o^ing eots? $mgy' to reduce so:arer^sv?ibla 
s^%y m m^^vsmtnm like iha United 

Sia:te:>, 

As ao added hesaflt, iba IK portion of she -sfofer '^shto 
will. 1>e Sirred aiiheii&i^lii c^ifec-i^r, As 5Uefe> oav^ hyikki; 
eoliector dasigm will hkdy use thk mmgy icm mmmim 
ekaaioiiy, mist iimmm*. ™ ^ boatiog of wataj;, Tl£ 
po^d' <? MHp^^ ofeokreria-gy b rek&raad by the 
tact thai fee pmferred ^H(H« : >^ten^ a*ad j:a 
(polyery^taiht^ ailicoiO 
in. Urn FR regioo of tha solar spectrum, 

A prehixata^y co.::ap^jis<ai of the pmjeoted aos- of 
:Mh|pecjR$.T^ ^yotem>i^oa^aar^ed m Tab^- 1;), P¥% ami solar 
then^ai ^tegtrlc ^y^ieim % provida4 bFlg^ra $ I." Giv&a jhls, 
tlilhspoct)"T5to sohtr energy .^ystea:^ i^presaot a rcah^tie 
^opvtavBty fer fee United States to remraa haw sokr energy A 
u^ea ra comt^a^kd buildings and acaek^^ the pace of solar 
e^argy teehs>.ology d<tvetopxaeht 
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Figure Ih 





This paper describes a s¥sfesss--lev«l design £«!toiaary 
pgribrmsriio* and. sosi evaluation of. a sew approach for 
Ixsprwmg % energy effi^sey and gffordabiHiy of sola* 
easrgy in boikhsgs.: %' ys|ag. di6fermt. p o^im* of ^iSoiar 
ijpeetnsxp: xiraKltsneousiy for multiple ayfcus* applicatk»fts in 
b«iMmgs ; &s proposed miqm ad vantages over 

ofer alternatives for using sur$g&t .to display. sleewifcy 
&osv^^ Our 
prdmima^ wA mmm that hybrid sdar lightmg; mil 
0^vimmmy of iiieprobtems: wife pa&#s -day l^feiag systems 
s£ ttxfey sue* as s^iial-^ ^wl liability, g}^r^ excess 
litamafen. cast, s:^rgy efide^y, Steady, otsr vmk 
suggests that the most appibprkie; .use -o.ffe visible pomdjvof 
direst 

k to displace el^c iigl^ rasfeef thkiv|^er£to si^iri£% 
|~dyestfe» 

system', east of well tauter S2,8/Wp and >S1 e/kW,h for 
dkokced axfg ^Stated efecmciiv m the top floor of -a. 

FV ~ ph&tqv^afcs oi-.solif cells- 
SOB * seco^]>y optical element 
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